SUMMARY: This study aimed to develop a better understanding of organic sea bream aquaculture production in Greece, in particular its consequences for fish growth, health and body composition, and to propose and update standards for sustainable organic sea bream farming. Gilthead sea bream were kept in sea cages at densities of 4 kg m -3 (organic) and 15 kg m -3 (conventional), and were fed organically produced feed (45% crude protein, 14% fat) or conventional feed (46% crude protein, 17% fat). The amino acid profile of the conventional diet, particularly the lysine content, which is one of most important dietary amino acids for sea bream, appeared to be unsatisfactory. "Organic" sea bream stored less fat content in their white muscle than the conventional sea bream. The liver lipid content was lower and the hepatosomatic index was higher for the organic sea bream. The microbiological analysis showed that both Enterobacteriaceae and Escherichia coli on the skin were below the enumeration detection limit in both the organic and conventional sea bream. Total viable counts on the skin and muscle of both the organically and conventionally cultured sea bream were approximately 3 log cfu g -1 , which is well below the acceptable limit (7 log cfu g -1 ) for marine species. The results showed that the combination of a low stocking density and feed with a different ingredient composition but similar nutritional value resulted in similar growth rates and nutrient profiles of the final product. Further research on nutrition is required to provide information on setting the appropriate standards for organic sea bream aquaculture to ensure that the final product is in line with the consumers' preferences.
INTRODUCTION
Gilthead sea bream is a carnivorous marine fish which belongs to the sparidae family. Sparidae aquaculture, commonly called bream and porgies, accounted for 244153 tonnes of fish in 2006 (FAO FishStatPlus 2008 . These fish are farmed in Mediterranean countries; Greece is the leading producer, followed by Turkey, Spain, Italy and Israel (Basurco et al. 2011) . Approximately 85% of the production comes from sea cages (Greece, Turkey and Spain) and the rest from land based ponds (France, Italy and southern Spain) (Pavlidis and Mylonas 2011) . Research into the production technologies, reproduction and nutrition of the species has improved broodstock maturation, spawning in captivity and egg/larva quality, and the protein and determined the energy requirements of the species. Therefore, growth rates and survival have been increased and the industry has expanded. However, this growth has also raised concerns, including environmental and sustainability issues. For instance, in terms of fish nutrition, a decline in the availability and increased prices of fish meal and fish oil have generated the need for research into possible replacements for these diet ingredients, mainly from plant sources, with the aim of promoting a sustainable aquaculture industry (Teles et al. 2011) . Fish meal and fish oil have traditionally been used in sea bream diets because the former are high in proteins, normally containing 60 to 72% crude protein by weight, and the latter are rich in n-3 polyunsaturated fatty acids, which are essential in fish nutrition (Tacon and Metian 2008) . The inclusion rate percentages of fish meal in diets for sea bream are usually 25-50% (Tacon and Metian 2008) , but a fish meal replacement of up to 75% with plant proteins is achievable with no adverse effects on growth or protein retention (Sitja-Bobadilla et al. 2005) . The use of fish meal in aquafeeds is expected to decrease from 2006 to 2020 by 31.3% for marine fish, 47.2% for salmon and 44.1% for trout (Tacon and Metian 2008) .
Organic aquaculture aims to address these issues as well as a range of societal concerns about aquaculture. These concerns include (implicitly or explicitly): a) environmental issues relating to the sustainability of the entire production chain, such as the source of feed, environmental pollution and the carbon costs of processing and transport; b) health concerns related to additional benefits like natural remedies, beneficial additives (vitamins, minerals, etc.) and the reduction or elimination of health risk agents (e.g. salt, fat, etc.); c) food safety aspects concerning additives, contaminants and genetically modified organisms (GMOs); d) social motivations related to labour conditions, community involvement and fair trade; and e) animal welfare issues related to the conditions in which fish are raised. Consumers may favour products which address some or all of these concerns, especially if this is evidenced through "organic" certification, but ultimately the price and quality of the product are also crucial. According to Tacon and Brister (2002) the estimated global production of certified organic aquaculture products in 2000 was approximately 5000 tonnes, coming primarily from European countries. , Biao (2008 reported an estimated total production of 20000 tonnes. According to the Soil Association (www.soilassociation.org), UK production of organic salmon in 2008 was approximately 5500 tonnes, which is around 4% of the total UK salmon production and represents an increase of 12% since 2006. As organic aquaculture grows, more species are produced under certified programmes and more countries contribute to the total organic production. In 2007, several species, including Atlantic salmon, trout, carp, sea bream and bass, mussels, shrimp and microalgae, were produced organically around the globe, mainly in Europe, Asia, Oceania and Latin America (Bergleiter 2008) . The global production in 2008 was 16000 tonnes of organic salmon, 8800 tonnes of organic shrimp, 7200 tonnes of carp, 3000 tonnes of mussels, 2000 tonnes of trout and 1000 tonnes of sea bream/sea bass (Bergleiter 2009 , 2011 , Mente et al. 2011 . Organic aquaculture production is predicted to increase in the future to reach 200000 tonnes in 2015 and almost 1.2 million tonnes in 2030 (Lem 2004) .
The current challenges for organic aquaculture are to improve the coordination between production and the market, and establish an appropriate framework to allow further development. However, research is also needed to demonstrate the benefits of organic aquaculture compared to conventional aquaculture. Certification schemes have proliferated in capture fisheries, and some authors are starting to question the extent to which they deliver the promised societal benefits Edwards-Jones 2006, Kaiser and Hill 2010) . In order to investigate whether organic aquaculture confers any or all of its supposed benefits, it is necessary to understand the production phases and the way that organic aquaculture interacts with the marine ecosystem. The recent EU Regulation (EC 2009 ) that provides detailed rules on organic aquaculture sets the maximum stocking densities for the organic production of sea bream at 4 kg m -3 in coastal lagoons and 15 kg m -3 in open water systems. The stocking density is one of the main factors influencing the level of stress on fish, which in turn plays a significant role in any aquaculture system as it affects both animal welfare and productivity (Montero et al. 1999 , Ashley 2007 . Specifically, the stocking density has been negatively composición de diferentes ingredientes pero con valores nutricionales similares se asocia a unas tasas de crecimiento y a un perfil de nutrientes similares en la calidad del producto final. Es necesaria una investigación más a fondo sobre la nutrición para obtener información encaminada a la determinación de los estándares apropiados para la acuicultura orgánica de pargos y asegurar que el resultado final se ajuste a las preferencias de los consumidores.
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CONVENTIONAL AND ORGANIC SEA BREAM PRODUCTION • 551 correlated with fish growth (Montero et al. 1999 , Ellis et al. 2002 . Stocking density can affect fish welfare because of its impact on fish social interactions and water quality (ESFA 2008) .
In the present study sea bream were reared from 10g to the commercial size of 350g in sea cages in field conditions at two stocking densities. They were fed two nutritionally similar diet regimes with different ingredient compositions: an organic feed and a conventional feed. The fish in the "organic group" were kept at a very low stocking density (4 kg m -3 ) according to the EC regulation for sea bream reared in earthen ponds. The "conventional group" was stocked at a density of 15 kg m -3 according to the EC regulation for open water systems (sea cages). The study aimed to investigate the impact of the two stocking densities under "conventional" and "organic" conditions on sea bream growth, health, fish quality and body composition. In Greece, conventional sea cages are stocked at 15-20 kg m -3 ; hence, the stocking density of 15 kg m -3 can be considered conventional. To the knowledge of the authors, this is the first study that compares the combined effects of diet and stocking density on both fish quality and the environmental sustainability of organic aquaculture. It is a unique field trial since using a commercial facility to perform studies like this one is very unusual because the costs are extremely expensive. Thus, this study brings new information to light as there are relatively few published studies on the above issues.
MATERIALS AND METHODS

Experimental animals and diets
Sea bream, with an initial weight of 10±0.21g, were supplied by a commercial hatchery in Larymna, Greece. We used two treatments, organic and conventional, which differed in stocking density, type of feed, and whether antibiotic treatments were given to the fish. The "organic" fish were kept in two sea cages, 350m away from the conventional cages in an area that is not used for cultivation by the aquafarm, at a density of 4 kg m -3 . The "conventional" fish were kept in two cages at a density of 15 kg m -3 in an aquaculture farm in Larymna, Greece, for a period of 12 months (September 2007 -September 2008 . The physical and chemical parameters of the water, including temperature, dissolved oxygen and pH, were measured monthly during the entire experimental period at 2 m water depth using a portable oxygen and pH meter (WTW Oxi 330i/ SET, Germany). The temperature ranged from 10.5°C to 26.7°C and the dissolved oxygen from 8.1 to 9.6 mg l -1 . The pH ranged from 8 to 8.1 throughout the experiment. The fish were left to acclimate for one week. Organically produced feed (Table 1) that included sustainable certified fish meal, fish oil and organic wheat (45% crude protein, 14% fat, 0.6% fibre, 11% ash, no synthetic amino acids) was given daily to the organically farmed sea bream ad libitum by hand allowing natural feeding behaviour. The fish were weighed at 
Sample collection and analysis
Fish were weighed monthly so that comparisons of the growth in the two treatments could be made. Ten fish were sacrificed every month and tissues were kept for further analysis. At the end of the trial, a total of 100 fish from both treatments were randomly sampled from the population for further analysis. Fish were sacrificed and samples of white muscle and liver tissues were dissected out on ice and frozen. Samples were stored at -20°C until analysis. Samples of the diets were also taken and stored at 19°C to 20°C (room temperature) until further analysis. Samples of wild fish of similar weights were taken for comparisons of the proximate composition of white muscle.
The nutrient composition of the diets and muscle tissue samples was determined by proximate analysis and amino acid analysis (Tables 2, 3 ). Moisture was determined by thermal drying to a constant weight in an oven at 110°C for 24h. Crude protein contents were determined by Kjeldahl analyses (nitrogen x 6.25, Behr S4). Crude fat was determined by exhaustive Soxhlet extraction using petroleum ether (40-60°C, BP) on a Soxtherm SE416 Gerhardt System. The ash content was determined by dry ashing in 1 Amino acid composition of wild sea bass by Özyurt and Polat (2006) . Means in a row followed by the same superscript are not significantly different (P≤0.05). porcelain crucibles in a muffle furnace at 600°C for 5 hours. All methods are based on those described in AOAC (1995) . The amino acid composition of the diets and the white muscle tissue from four fish per treatment were measured using the method given in Mente et al. (2002) . Blood samples from a total of ten fish were centrifuged and serum was analysed for haematocrit values (Hct, %), haemoglobin concentration (Hb, g dl -1 ) and the red blood cell count (RBC, 10 6 cells dl -1 ). The red blood cell constants (mean cell haemoglobin concentration, MCHC, g dl -1 ; mean cell volume, MCV, fl) were calculated from Hct, Hb and RBC.
Microbiological analysis
Fish were killed by immersion in a mixture of water and ice, placed into insulated boxes, covered with ice and transferred to the laboratory within 4h. The microbiological media were supplied by LAB M (Lancashire, UK). Total viable counts (TVC) of mesophilic and phychrophilic bacteria, Enterobacteriaceae and ß-glucuronidase positive E. coli were enumerated on skin and in white muscle. Skin samples (1 g) and white muscle (10 g) from the dorsal anterior area were aseptically cut off and placed into 9-and 90-ml sterile maximum recovery diluent (MRD, 0.85% NaCl, 0.1% bacteriological peptone) respectively, and homogenised for 60s using a stomacher (BagMixer 400, Intersciences). Mesophilic and phychrophilic bacteria were counted on Tryptone Soy Agar (TSA) using the spread plate technique after incubation at 25°C for 48 h and 7°C for 96 h respectively. The pour plate technique was used for enumeration of Enterobacteriaceae on Violet Red Bile Dextrose agar (VRBGA), incubated at 37°C for 24 h, and E. coli on Tryptone Bile Glucuronide Agar (TBGA), incubated at 44°C for 24 h. Five replicate measurements were carried out for all microbiological parameters tested.
Bacterial and heterotrophic nanoflagellate (HNF) counts
Water samples were collected with a Niskin bottle from approximately 1-2 m below the surface from each cage. To enumerate HNF and bacteria, 5-15 ml and 1-5 ml of water respectively, were preserved with formaldehyde at a final concentration of 2%. Samples were kept at 4°C in the dark, filtered on black Nuclepore filters (pore size of 0.8 μm and 0.2 μm for HNF and bacteria respectively) and stained with DAPI (Porter and Feig 1980 ) within a few hours of sampling, and stored at -20°C until counting. HNF and bacteria were enumerated using a ZEISS Axiostar epifluorescence microscope at 1000x. The number of HNF was estimated by counting the total nanoflagellates and subtracting the individuals that exhibited autofluoresence (autotrophic cells).
Analysis of heavy metals, dioxins and dioxin-like PCBs
At the end of the experiment, three similarly sized fish were retained from the two fish categories (organic, conventional) for metal and dioxin analyses. Fillet and liver tissues were removed using plastic anatomy dissectors, put into petri dishes and kept at -18 o C until analysis. Muscle samples were analysed individually, while liver samples, due to their limited quantity, were pooled. Each sample therefore included the liver of 3 specimens. The analysis comprised dehydratation with a CHRIST GAMMA 1-20 lyophilisator (filet contained approximately 65% water and liver 60%), homogenisation in a porcelain mortar and digestion of about 1 g of dried tissue with 10 ml of HNO 3 in a microwavedevice (CEM MDS 2100). After digestion the samples were diluted with distilled water to 20 ml. A Varian SpectrAA 20 Plus flame atomic absorption spectrophotometer was used to determine the Cu, Zn, Cr, Ni, Fe and Mn concentrations. The accuracy and precision of the analytical methodology were tested with the reference material NRCC-Dorm-2 of homogenised dogfish muscle (Table 3) .
Muscle and liver samples were blended and ground with an appropriate quantity of anhydrous sodium sulphate. After extraction with dichloromethane in a Soxhlet extractor, the organic fraction was evaporated, dried and weighed to calculate the lipid content (Papadopoulos et al. 2004) . For the determination of PCDDs/Fs and non-ortho PCBs, the samples were cleaned according to the method described by Costopoulou et al. (2006) . The quantification of PCDD/Fs, non-ortho, mono-ortho and indicator PCBs was performed by HRGC-HRMS (EI) in MID mode on a Trace GC gas chromatograph (ThermoFinnigan) coupled to a MAT-95 XP mass spectrometer (ThermoFinnigan) equipped with a CTC A 200S autosampler at 10000 resolving power (10% valley definition). The instrumental conditions and purity control criteria were in accordance with the EPA 1613 and EPA 1668A methods. The concentration and recovery were quantified by the isotopic dilution method. The limit of detection (LOD) for each congener was determined as the concentration in the extract that produced an instrumental response in two different ions monitored with a signal to noise ratio of 3:1 for the less sensitive signal (EU Directive 2004/44/EC). The WHO-98 toxicity equivalent factors (TEF) were used for toxicity equivalent (TEQ) calculations. The WHO-PCDD/F-TEQ value (quality control) showed an average of 3.26 pg g -1 with a confidence interval of 2.74-3.78 pg g -1 (confidence level 95%). The WHO-PCB-TEQ value (sum of non-ortho and mono-ortho PCBs) showed an average of 4.31 pg g -1 with a confidence interval of 3.62-5.00 pg g -1 (confidence level 95%). The LOD was determined for each congener to be between 0.1 and 0.15 pg g -1 of fat. Recovery ranged between 70% and 120%.
Data analysis
The data (expressed as mean±SEM) were checked for homogeneity of variances, and logarithmic transformations were made when necessary. Differences between the two treatments (organic vs. conventional) were determined by t-tests using SPSS 14. Differences between means were assessed by ANOVA followed by Tukey multiple comparison tests for multigroup comparisons. Pearson correlation coefficients between dietary and tissue amino acid composition were calculated and a probability level of P≤0.05 was considered statistically significant for all statistical tests.
RESULTS
Growth
At the start of the experiment there were no significant differences between the mean values or the range of initial body weights of the fish in the two groups (P>0.05). The organic group showed a statistically higher mean weight in January and March (months 5 and 7, P<0.05) than the conventional group. At the end of the experiment the final mean weights of the organic group (246.94±3.98 g) were higher in comparison to the conventional group (218.97±3.94 g) but they were not statistically different. The specific growth rate (SGR, %/ day) was 0.87±0.06 for the organic group and 0.84±0.05 for the conventional group respectively, and were not significantly different. The hepatosomatic index (HSI) was calculated every time fish were sampled (September, January, March, June and September a year after) during the entire experimental period. The HSI ranged between 1.06 and 1.61% for the conventional fish and 1.21 and 2.07% for the organic fish respectively, but the differences were not significant (P>0.05).
Biochemical and haematology analysis
The white muscle proximate composition of the organic, conventional and wild fish at the end of the experiment is shown in Table 2 . The white muscle dry matter, protein, lipid and ash content varied between 26.29% and 32.62%, 21.02% and 24.03%, 0.73% and 3.99% and 1.38% and 1.78% respectively. The moisture and protein contents were significantly lower in the conventional fish compared to the organic and wild fish (P<0.05); however, no significant differences were found between organic and wild fish. The white muscle lipid content was higher for the conventional fish compared to the organic fish and both were significantly higher compared to the wild fish (P<0.05). The wild fish had the lowest white muscle lipid content. The ash content of the white muscle of organic and conventional fish did not differ significantly; however, wild fish showed a significantly lower ash content (P<0.05). We also determined the liver lipid content of the conventional and organic sea bream during the entire experimental period. The results clearly showed that the organic fish had a lower liver lipid content than the conventional fish during the entire trial (Fig. 1) . However, these differences were not statistically significant at the last sampling point, although differences were recorded in March (t=3.68, P<0.05) and June (t=4.14, P<0.05). The haematological characteristics showed higher values for the organic fish than the conventional fish. The haematocrit value (three replicates) was higher and statistically significant in organic fish (55.8±1.1%) in comparison with the conventional fish (50.1±1.21%, P<0.05). The haemoglobin concentration was 12.46±0.34 g dl -1 for the organic fish and 11.63±0.03 g dl -1 for conventional fish. The mean cell haemoglobin concentration (MCHC) was 22.58±0.17 g dl -1 for the organic fish and 22.1±0.36 g dl -1 for the conventional fish. The mean cell volume (MCV) was lower for the organic fish (141.04±0.48 fl) than for the conventional fish (122.8±1.44 fl), but not significantly different P>0.05.
Compared to the conventional diet, the organic diet contained more glycine, histidine, threonine, alanine, methionine, valine and lysine, while the content of aspartic and glutamic acid, serine, proline, tyrosine, leucine and phenylalanine was lower ( Table 1) . As there were no data on amino acid composition in the muscle of wild sea bream (Grigorakis 2007) , the amino acid profile of wild sea bass was used for comparisons. The amino acid composition of the white muscle of the wild sea bass showed that the concentrations of aspartic acid, glutamic acid and lysine were the highest. A similar pattern was observed in the white muscle of the conventional and organic sea bream as well as higher concentrations of leucine and alanine ( Table 2 ). The essential protein amino acid composition of the white muscle of the wild sea bass (on the basis of the r 2 values) was correlated more with the essential amino acid composition of the organic diet (r 2 =0.86, P<0.05) than the conventional diet (r 2 =0.77, P<0.05). fig. 1 . -Lipid content (%, dry matter) of the liver from organic and conventional sea bream fed the experimental diets for 12 months. For each month, different letters denote significant differences (P≤0.05) between conventional and organic groups.
Microbiological analysis
Both Enterobacteriaceae and E. coli on skin and white muscle were found to be below the detection limit of 10 cfu g -1 in all samples. Total viable counts of psychrophilic bacteria were below the detection limit of 100 cfu g -1 in all samples. Total viable counts (TVC) of total mesophilic bacteria in sea bream skin and muscle 4h after being caught and sacrificed (five replicates) were almost identical (P>0.05) for both conventional (1.7±0.5×10 3 cfu g -1 ) and organic (1.4±0.3×10 3 cfu g -1 ) skin, and for both conventional (8.7±3.5×10 2 cfu g -1 ) and organic (1.3±0.4×10 3 cfu g -1 ) white muscle.
Bacterial and heterotrophic nanoflagellate (HNF) counts
The water column bacterial abundance was always higher in the conventional cage (391515-579750 cells ml -1 ) than at the reference station (270428-371333 cells ml -1 ) (P>0.05). In most cases, the bacterial abundances of the organic cages and the reference stations were similar (Fig. 2) . A similar trend occurred for HNF, with the highest abundances always observed in the conventional cage (2646-5875 individuals ml -1 ) (P>0.05). With the exception of the first sampling, the HNF abundances of the organic cages and the reference station were similar (Fig. 2) .
Analysis of heavy metals, dioxins and PCBs
Muscle and liver heavy metal concentrations (Cu, Zn, Mn, Hg, Ni and Cr expressed as μg g -1 dry weight) of conventional and organic sea bream are presented in Table 3a . The summarised results showed that the two fish tissues bioaccumulate metals to differing degrees: in all cases the liver had metal levels three to eight times higher than the muscle. Cr and Ni concentrations were under 0.001 μg g -1 and are thus not shown. Although the organic fish showed generally lower levels than the fish fed with conventional food, these differences were not statistically significant (P>0.05). Organically farmed sea bream was found to contain low levels of dioxins and dioxin-like PCBs (Table 3b ). The dioxin levels in the white muscle of the organically farmed fish were lower than the dioxin levels of the conventional white muscle (0.09 and 0.13 pg g -1 tissue respectively) but both were below the EU limit (EU limit, 4pg WHO-TEQ/g fresh weight). The dioxin levels in the liver tissue of both the organic and conventional groups of sea bream were very low and again below the 25 pg g -1 set by the EU as a limit. PCBs for the organic and conventional white muscle of the farmed sea bream were 0.4 pg g -1 tissue, which is lower than the EU limit of 8 pg g -1 tissue. PCBs were lower for the organic liver tissue (0.52 pg g -1 ) in comparison with the conventional liver tissue (0.64 pg g -1 ). Both values were much lower than the 25 pg g -1 set as the limit by the EU. Organic feed has lower levels of dioxins and PCBs but both feeds had much lower values than the EU limits (Table 3b ).
DISCUSSION
Modern aquaculture represents a major revolution in the production of fish and foods of aquatic origin. The rapid expansion of aquaculture has often been referred to as the "blue revolution". The European Commission proposed a strategy in 2002 that aims to control the development potential while guaranteeing environmental sustainability, high health standards and product quality. Organic aquaculture is still in its infancy. Its emergence and growth is a market-driven phenomenon originating from growing consumer awareness of health and environmental issues, and from the industry's response to changes in the market. Organic aquaculture relies on biological processes to manage the welfare of the animals, the nutrient inputs, the waste produced and the environment in which they live (EC 2007) principle of sustainable exploitation of fisheries for fish meal and fish oil as well as lower stocking densities, in order to develop a sustainable aquatic system that maximises animal welfare and minimises the environmental impact (Boehmer et al. 2005 , Biao 2008 , EC 2007 , Mente et al. 2011 . Fish meal and fish oil have been used extensively in carnivorous fish nutrition. However, it is becoming necessary to rely less on these commodities for sustainability and economic reasons. It has been predicted that by 2020 the use of fish meal and fish oil in aquafeeds will be reduced by 44.5% and 15.5% respectively (Tacon and Metian 2008) . In future, fish meal and fish oil will become strategic ingredients in specialist diets such as starter, brood stock and finisher diets, in relation to different critical stages of the life cycle of farmed fish, especially carnivorous fish (Tacon and Metian 2008) . Previous studies on diets for European sea bass have shown that vegetable oils can replace up to 60% of the fish oil with no detrimental effects for fish growth, although alterations in the fatty acids in tissues may reduce the final quality of the product (Turchini et al. 2009) . Results from the AQUAMAX project in 2006 (www http://www.aquamaxip.eu/) reported that in farmed sea bream, an inclusion level of 40-45% of fish meal was used in aquafeeds, and a percentage of 15% of fish meal concurrent with a level of 10% of fish oil was targeted for 2010. All-plant protein-based diets containing soybean meal, cottonseed meal, and middlings from corn and wheat, are supplemented with essential amino acids in the aquaculture of several sparidae species (Teles et al. 2011) . However, in organic aquaculture, the diets cannot be supplemented with synthetic amino acids according to the EC regulation 2009, which is a bottleneck in the search for alternatives to fish meal protein and the use of plant protein sources.
Studies have shown that for the adult sea bream feeds the protein content has to be 40-45%, the optimum lipid content has to be 14-22%, and the maximum carbohydrate content 20% (Gomez-Requeni et al. 2003 , Sanchez-Muros et al. 2003 , Teles et al. 2011 . The results of the proximate composition of feeds used in our study were appropriate for sea bream and agree with the aforementioned studies. The results of this study showed that the organically farmed sea bream performed well during the entire experimental period. Notably, in two of the sampling points the organic group had a statistically higher mean weight than the conventional group, although final weights after 12 months were not significantly different. The organic diet used in the present study had a lower lipid content than the conventional diet (14% vs. 17% respectively). This is in accordance with the general principles of sustainable aquaculture production, according to which there should be lower inputs and a reduced dependence on fish meal and fish oil, which is important especially for carnivorous species like the sea bream Brister 2002, Boehmer et al. 2005) . Hence, it is noteworthy that the findings show that the fish fed with an organic diet had a good performance, despite the fact that the lipid content and thus the dietary energy content was lower in the organic diet than in the conventional one. However, importantly, the essential amino acid composition of the organic diet was correlated more with the white muscle of the wild fish than the conventional diet, and thus meets the dietary protein requirements of this species. The application of organic farming principles in the present study had a positive effect on the nutritional status of the fish. The hepatosomatic index (HSI) is indicative of the nutritional status as it is a crude measure of the level of energy reserves, and has been negatively linked to the stocking density (Ellis et al. 2002) . The HSI can also be affected by the diet, and increases with increasing dietary lipid content (Lie et al. 1986 ). The results of the present trial showed that HSI was higher in the organic group in comparison to the conventional group, which corresponds to previous findings on the effects of the stocking density on the HSI and despite the lower lipid content of the organic diets. However, more research into the nutrient requirements of aquatic organisms as well as advances in feed technology are needed for organic aquaculture to formulate species-specific fish organic aquafeeds.
There are few studies on the behaviour and welfare of fish at farm stocking densities, mainly due to the difficulties of observing fish under commercial conditions and the complexity of the interrelation between stocking density and water quality (ESFA 2008) . Stocking density can affect fish welfare due to its impact on fish social interactions and water quality (ESFA 2008) . In cage systems in Greece, farmers keep their stock at densities in the 15-20 kg m 3 range or more, depending on the fish size, site and cage characteristics (the water currents and net cage status determining the water renewal inside the cage, and accordingly the availability of oxygen). Papoutsoglou et al. (1998) found that the highest specific growth rate and the lowest food conversion ratio were observed for sea bass of the highest stocking density (325 and 650 ind. m -3 , which coincided with poorer water quality). No significant differences were found in the haematocrit values, or in hepatosomatic indices in the groups of fish held at any of the stocking densities. Terova et al. (2005) demonstrated that a high rearing density (80 and 100 kg m -3 ) of sea bass affects the glucocorticoid receptor mRNA, the abundance of which in the liver decreased inversely with blood cortisol levels. Montero et al. (1999) found that a high stocking density (40 kg m -3 ) produces crowding stress that alters some physiological and biochemical parameters in sea bream juveniles. They found that the stocking density increases the modified lipid metabolism in order to help meet the increased energy demand. Di Marco et al. (2008) reached similar conclusions for ongrowing sea bass. The authors found no differences in growth and survival in sea bass kept at 15, 30 or 45 kg m -3 for 6 weeks. The results indicate that a stocking density of 45 kg m -3 for 6 weeks did affect the energetic status of sea bass and their sensitivity to a subsequent crowding stressor. After exposure to adverse conditions fish require a recovery time that is related to the magnitude of the adverse effect (Di Marco et al. 2008) . Canario et al. (1998) found that gilthead sea bream held in tanks at a density of 3.2kg m -3 grew 25% less than fish at a density of 0.35kg m -3 , and concluded that growth in fish although negatively correlated with stocking density did not seem to be related to intraspecific competition as evidenced by changes in size variability. Behavioural changes and other factors related to water quality may be involved.
The quality and the nutritional characteristics of the final product are of great significance and have various implications, including the consumer's acceptance of the product along with other marketing parameters. In particular, organic aquaculture aims to produce high quality products (EC 2007 (EC , 2009 ). The edible part of the sea bream is the muscle, and hence its composition is probably the most important factor in terms of fish quality. Previous findings suggest that sea bream produced in intensive farming systems have lower moisture content and higher lipid content compared to wild fish (70.7% vs. 77.2% and 5.3% vs. 1.4%, respectively), while the protein content is not significantly different between farmed and wild fish (20.4% vs. 20.2%) (Grigorakis 2007) . In the present study, the white muscle of the organically produced fish had significantly higher moisture than the conventionally reared fish. Moreover, neither the moisture nor the protein contents of organic fish differed significantly from that of wild fish, unlike conventional fish. Fat deposition in fish tissues is affected by many factors, including dietary lipid content, which has been positively related to the fat content in tissues (Grigorakis 2007) . Hence, the lower dietary lipid content of the organic diet probably resulted in the lower lipid content in the white muscle and liver of the organic sea bream in comparison with the conventional group; however, the difference was not significant at any time in the experimental period. The latter could be due to the lower stocking density and the less stressful conditions in which the organic fish were reared, as high stocking densities can lead to increased lipid mobilisation (Montero et al. 1999) . Kaushik (1998) calculated the theoretical essential amino acid requirement profile of gilthead sea bream and sea bass and found that the highest requirements of both species were for lysine, arginine and leucine. Özyurt and Polat (2006) reported that the main amino acids in sea bass muscle were aspartic acid, glutamic acid and lysine. When body composition of wild sea bass is used as the ideal essential amino acid profile, the lysine, leucine and arginine requirements are higher than the other essential amino acids (Table 1) . The amino acid profile of the conventional diet, particularly the lysine content, appeared to be unsatisfactory. Lysine deficiency can cause a reduction in weight gain and in the protein utilisation ratio (Kaushik 1998) . In the present study, the haematocrit levels of organic fish were significantly higher than that of the conventional fish, indicating that the fish were in good health given the good growth results and the less stressful conditions for the organic group; however, it could also signify an increased oxygen carrying capacity of the blood, possibly due to a higher energy demand (Montero et al. 1999) . There are various complex factors that affect the haematology parameters (Martinez et al. 1994 ) and further investigation is needed for a better understanding of the process.
Within the context of responsible, sustainable, organic aquaculture the nutritional value of the feed ingredients and feed inputs is very important, and poor processing, handling and storage may contaminate the feed, which would have a negative impact on the health of the farmed aquatic species. Consumption of contaminated food by fish and their exposure to toxins, usually defined as bioconcentration, bioaccumulation or biomagnifications, could affect the consumers. The highest concentrations of contaminants were found in the liver, which showed higher pollutant levels than the muscle. Serrano et al. (2008) found that wild gilthead sea bream from the western Mediterranean showed significantly higher concentrations of DDTs and PCBs than farmed fish from the same area. They concluded that the load of organochlorine pollutants in fish tissues is related to seasonal changes in the feeding behaviour of the species and their feeds (Serrano et al. 2008) . The fish diets stand out as an important source of organic persistent contaminants (Serrano et al. 2003 , Nácher-Mestre et al. 2009 ). The distribution of the PCB congener in tissues of sea bass collected in two fish farms in Ria de Aveiro resembled that of fish fed a pelleted diet, suggesting that a commercial diet is a major source of PCBs (Antunes and Gil 2004) . Abalos et al. (2008) fed farmed gilthead sea bream with a dry feed spiked with a low level 23 ng WHO-TEQ/kg of feed PCDD/fs mixture to assess the bioaccumulation in the muscle and liver tissues after 390 days of exposure. They found that the concentrations in the fish exposed to PCDD/F were 5.50 pg WHO-TEQ/g fresh weight in flesh and 8.45 pg WHO-TEQ/g fresh weight in liver tissue. These levels are 24-fold and 14-fold higher than the background levels. Thus, although sea bream were fed on low dioxin contaminated feed, high bioaccumulation took place at the beginning of the rearing process with little bioaccumulation later in the exposure. In this study, although the organic fish generally had lower heavy metal levels than the fish fed with conventional food, these differences were not statistically significant (P>0.05) mainly due to the limited sample size (only 3 fish were analysed). The present results are therefore only indicative and a more extensive analysis is needed in the future. The bioconcentrations of metals in organically fed fish are generally lower than those of farmed fish in the same area (North Evoikos Gulf, Larymna Bay; Simboura and Catsiki 2009) . Industrial activity in the last century has led to increased levels of dioxins and the related dioxin-like PCBs in the environment, including the oceans, which has led to bioaccumulation in aquatic organisms (Froescheis et al. 2000 , Storelli et al. 2007 . Fish meal and especially fish oil from polluted areas have been linked with these pollutants, and hence there is the potential risk that farmed fish will be contaminated through their feed, with the consequent implications for the quality of the final product and human nutrition and health (Lundebye et al. 2004 , Bell et al. 2005 , Bethune et al. 2006 , Mozaffarian and Rimm 2006 . The European Commission, recognising the potential risks originating from the accumulation of these substances, drastically reduced the permitted levels of dioxins in both animal feed and food for humans in 2000. It has set maximum limits in feedstuffs and fish, and requires the member states to monitor the levels of dioxins in foodstuffs and to report to the EC (EC 2001 (EC , 2006 . The EU limit for fish is 4 pg g -1 fresh weight or 4 ng WHO-TEQ/kg fish wet weight. The results of this study showed that the organically farmed and conventionally farmed sea bream were well below current European limits for dioxins and PCBs. The contaminant concentrations in the tissues of both the organic and conventional fish were relatively low, especially in comparison with fish coming from polluted areas (Dural et al. 2010) , and are indicative of good rearing conditions and a safe final product.
Low population levels of Enterobacteriaceae and E. coli indicate that both the cultivation and slaughter of fish took place under good hygiene conditions. The initial total bacterial population of freshly harvested fish depends on various factors. Atlantic horse mackerel (Trachurus trachurus) caught off the Portuguese Atlantic coast and stored in ice until arrival at the laboratory (after 20 h) had TVC on their skin above the 10 4 cfu g -1 level (Mendes et al. 2005) . Sea bream and sea bass taken from an aquaculture facility in the Aegean Sea had an initial TVC below 10 3 cfu g -1 (Cakli et al. 2007) . The water quality, fish handling, storage and transport conditions as well as the time of microbiological sampling all influence the microbial population of fresh fish. Therefore, comparisons with data from other studies are not reliable. Bacterial activity is the main cause of quality deterioration of fresh fish (Gram and Huss 1996) . A low initial bacterial population is desirable, since fish can be stored for a longer time before rejection due to microbiological spoilage. Farmed fish, such as sea-bream and sea-bass, with low initial microbial counts can be stored in ice up to 15 days (Cakli et al. 2007) .
Although the water column bacterial abundance has been found to be one of the biological parameters most affected by fish culture (Sará 2007) , it has not been widely used to monitor the environmental impact of aquaculture. In our case, it could be clearly seen that the bacterial abundance was always higher in the conventional cage. In addition, the bacterial abundance in the organic cage was similar to that of the seawater away from the cages (open sea). Since heterotrophic bacteria respond rapidly to changes in organic substrates and/ or inorganic nutrients (Caruso et al. 2003) , these differences in abundances were most probably due to the higher fish density and excretion in the conventional cages. Remarkably, this bacterial response was also reflected at the next trophic level, i.e. the HNF. This suggests that conventional versus organic fish aquaculture has different consequences for planktonic food webs in the water column, affecting the mineralisation of carbon and recycling of inorganic nutrients via the microbial loop (Azam et al. 1983) . This finding requires further investigation. Due to practical constraints the present study only involved two cages with different regimes, and thus further studies are clearly necessary, with replicate treatments and, ideally, examining the consequences of stocking density and feed choice separately. Nevertheless, the results show the possible benefits of organic aquaculture practices for the consumer, the fish, and the environment.
CONCLUSION
The forthcoming reform of the Common Fishery Policy (CFP), which is the main body of legislation regulating human activities in European Seas, requires an 'ecosystem approach' to fisheries management to be adopted in order to increase sustainability. Similar considerations apply to aquaculture: both aquaculture and fisheries industries evolve within an institutional framework that attaches major importance to ecological considerations, such as biodiversity, ecosystem health and sustainable use of the marine ecosystem. Safeguarding ecosystem benefits for future generations is a principle of sustainable management and development. The development of aquaculture could satisfy the growing demand for high protein food in both developed and developing societies, but further research is needed to increase production efficiency and to ensure sustainable and environmentally friendly production. Organic aquaculture is one of the possible solutions.
The study focused on the effects of the two production methods (conventional, organic) on sea bream growth and on the nutritional and biochemical characteristics, microbial counts and contaminant levels in the fish tissues. It also examined the indirect effects on the structure of the planktonic trophic web. The stocking density, within the range of the stocking densities tested, and feed influence the final quality of sea bream. A lower stocking density combined with feed that is nutritionally similar to conventional feed results in a similar growth, nutritional status and health status of the fish. The most important result of the present study is the similarity in the growth of the fish fed the organic diet and those fed the conventional diet. The liver of the two groups of fish evidenced the dietary differences. Importantly, the white muscle of the organically produced fish had significantly higher moisture in comparison to the conventionally reared fish. Moreover, neither the moisture nor the protein contents of the organic fish differed significantly from the wild fish, unlike the conventional fish. Interestingly the essential protein amino acid composition of the white muscle of the wild sea bass was correlated more with the essential amino acid composition of the organic diet than the conventional diet. Using the body composition of wild sea bass as the ideal essential amino acid profile, it can be seen that the lysine, leucine and arginine requirements are higher than the other essential amino acids. The amino acid profile of the conventional diet, particularly the lysine content, appeared to be unsatisfactory. If the improved product quality results in increased consumer interest then organic aquaculture could become favoured over traditional culture systems, thus generating increased environmental benefits.
